Abstract: This paper presents a new two stage Newton Type numerical algorithm for active and reactive power measurement in electric power systems with sinusoidal, non-sinusoidal linear and non-sinusoidal nonlinear circuits. In order to estimate their spectra, in the first stage of the algorithm the current and voltage signals are separately processed, whereas in the second stage the power components are calculated. As the main advantage, this technique provides measurements not sensitive to frequency deviations. The algorithm performance is tested using computer simulated tests.
Introduction
Harmonic pollution is of raising presence in the contemporary power systems. The main cause of this are large non-linear elements such as power electronics used for the system operation (e.g. thiristor controlled compensers or reactors), non-linear loads such as the arc furnaces, or high power converters. There is a great number of papers concerned with development of measurement techniques and algorithms for electric power systems with non-sinusoidal linear and non-linear circuits.
However, many of those numerical algorithms are sensitive to frequency variations, for example, DFT (Discrete Fourier Transformation) or LSE algorithm (Least Squares Error). The frequency deviation occurs after a large block of load or a large generator unit is connected to or disconnected from the power system. Frequency variations are much more likely to occur for the loads supplied by a generator isolated from the utility system. Numerical algorithm presented in this paper considers the system frequency as an unknown parameter of the model to be estimated and in this way solves the problem of sensitivity to frequency variations in wide range. With the introduction of the power frequency in the vector of the unknown model parameters, the model itself becomes nonlinear and the strategies of nonlinear estimation must be used. For the purpose of the voltage and current spectra estimation, the Newton Type Algorithm (NTA) is developed and successfully implemented in the active and reactive power measurement. The NTA can be also applied in determining some other quantities, for example, those defining electric power quality or in the procedure of identifying harmonic sources in the power system.
NTA Algorithm Development
Let us assume the following observation model of the input voltage (or current) signal, digitized at the measurement device location:
in which v(t) is an instantaneous voltage at time t, ( ) 
For the generic model (2), a suitable vector of unknown parameters is given by:
where V 0 is the magnitude of the decaying DC component at t = 0, M is the highest order of the harmonics presented in the signal, ω is the fundamental angular velocity, equal to 2πf, f being frequency, V k is the magnitude of the k-th harmonic and ϕ k is the phase angle of the k-th harmonics (k = 1,...,M). The equivalent signal model can be assumed for the current signal. The number of unknowns, i.e. the model order, is n = 2M+2.
The input signals are sampled during a finite period of time, called data window. Taking N samples to a data window, a set of N (
) nonlinear equations, given by (1) and (2), in n unknowns are obtained. The problem is to solve the overdetermined system of nonlinear equations, i.e. to determine the unknown model parameters.
The key relation of the NTA algorithm is given by:
where i is an iteration index, x is estimated vector, ( )
vector of nonlinear functions determined by the assumed mathematical model of the input signal and N is the number of samples belonging to the data window. Jacobian matrix J is an ( ) n N × matrix, having as its elements the partial derivatives of the signal model (2) . If j is an arbitrary row of the Jacobian, then
where
Equation (4) is derived first by linearization, i.e. by Taylor series expansion of (1) and neglecting higher order terms, and then by applying Least Square Error estimation method.
Two Stage Numerical Algorithm
Block diagram of the two stage numerical algorithm is presented in Figure 1 . There is no unique definition for the reactive power under non-sinusoidal conditions. In this paper Budeanu's reactive power definition [1] is used:
Algorithm Testing
The proposed numerical measurement algorithm is tested through computer simulated tests, as follows:
1. dynamic test, and 2. test using dynamic simulation of power system.
A. Dynamic test
Dynamic test consists of processing the following computer generated distorted voltage and current signals: At first, from 0 to 0.03s, pure sinusoidal waves of voltage and current were generated, with magnitude of 100 V (A) and 50Hz. At t=0.03s the magnitude step change of -10% occurred. To approve the NTA algorithm insensitivity to frequency deviations, the frequency was also step changed at 0.03s from 50Hz to 49Hz, and then sinusoidal changed with time:
with frequency of 1.2Hz (see Figure 4) which is approximately the natural frequency of synchronous generators swinging in a power system. Note that such a large frequency deviations are not likely to occur in a real power system due to inertia of generators' rotors. In this paper such large frequency variations are intentionally imposed to the voltage and current signals in order to investigate the robustness of the algorithm. Figure  4 , while estimated power components are shown in Figure  5 . From Figure 5 it could be noticed that after a short period of convergence, the proper results for active and reactive power are obtained by the NTA algorithm: 3127W and 4039 VAr.
Generated voltage and current are presented in Figures 2 and 3. Real and estimated frequency is presented in
On the contrary, the results obtained by using the Fast Fourier Technique are incorrect due to the "leakage" effect of the FFT in case when the assumed frequency (50Hz) differs from the actual one. These results are shown in Figure 6 . 
B. Power system dynamic simulation
For this purpose, an Electromagnetic Transient Program (EMTP) simulation code has been developed at TU Kaiserslautern (Germany). Through the EMTP simulation, the pure sinusoidal and distorted voltage and current signals are generated. In Figure 7 a single-line diagram of 220 kV, 50 Hz test power transmission system is presented. In the same figure the power system parameters are given. By applying the presented two stage NTA algorithm, the active and reactive powers depicted in Figure 10 
Conclusion
In this paper a new numerical measurement algorithm for digital metering of power is presented and tested. It is based on the application of the Newton Type Algorithm, a nonlinear estimator suitable for the spectrum estimation of distorted input signals. The algorithm is not sensitive to the frequency changes of the input signal, which are typical for power systems during faults and abnormal operations, or for the electrical machines with the variable speed. The algorithm is tested through dynamic computer simulated tests, as well as by using data obtained from dynamic simulation of power system operated under non-sinusoidal conditions. The obtained results confirmed a high accuracy of the developed algorithm. The fast algorithm convergence offers the opportunity to apply the algorithm in processes with fast/very fast transients. Beside active and reactive power metering, this algorithm also enables measuring and estimation of other power quality quantities, such as: THD, apparent power, distortion power, power factor, RMS. The technique is not limited to the measurement applications in power systems only. It may be used in designing the algorithms for some other and new applications in the other field of engineering, as well.
